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SYSTEMS AND METHODS FOR
RECONSTRUCTING OBJECTS USING
TRANSITIONAL IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a Continuation application of
U.S. patent application Ser. No. 16/917,590, filed Jun. 30,
2020, the contents of which are incorporated herein 1n their
entireties for all purposes.

TECHNICAL FIELD

This disclosure generally relates to reconstructing objects,
and more specifically to systems and methods for recon-
structing objects using transitional 1mages.

BACKGROUND

Object detection models process large amounts of 1image
data while also independently inferring on each image. An
inherent tradeotl exists between the speed and accuracy of a
deep learning model. This tradeoil 1s amplified when a
model 1s trained to detect objects of dramatically varying
s1ze and/or portions of objects with very small percentages
of the overall pixel data. While object detection models can
be trammed to accurately identity an object in multiple

images, certain systems cannot afford the latency penalty of
accurately detecting very small portions of the object.

SUMMARY

According to an embodiment, a method includes recerv-
ing, by an object reconstruction module, a first image and a
second 1mage. The first image includes a first region of an
object and the second 1mage comprises a second region of
the object. The method also includes identitying, by the
object reconstruction module, a transitional image. The
transitional 1mage includes the first region of the object and
the second region of the object. The method further includes
determining, by the object reconstruction module, that the
first region of the object 1n the transitional image and the first
region of the object 1n the first image are first equivalent
regions and generating, by the object reconstruction module,
a reconstruction of the object using the first image and the
transitional image. The reconstruction of the object includes
the first region of the object and the second region of the
object and excludes the first equivalent regions.

In certain embodiments, the first image further includes a
third region of the object, a fourth region of the object, and
a fifth region of the object, and the transitional image
includes the third region of the object and the fourth region
of the object. In some embodiments, the method includes
determining, by the object reconstruction module, that the
third region of the object in the transitional image and the
third region of the object in the first image are third
equivalent regions and determining, by the object recon-
struction module, that the fourth region of the object 1n the
transitional image and the fourth region of the object 1n the
first 1image are fourth equivalent regions. In certain embodi-
ments, the reconstruction of the object excludes the third and
fourth regions. In some embodiments, the method includes
concatenating, by the object reconstruction module, the first
region of the object, the second region of the object, the third
region of the object, the fourth region of the object, and the
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fifth region of the object to generate the reconstruction of the
object, wherein the reconstruction of the object represents
the object 1n 1ts entirety.

In certain embodiments, the method includes 1dentifying,
by the object reconstruction module, a first portion of the
object 1 the first image, and constructing, by the object
reconstruction module, a first bounding box around the first
portion of the object in the first image. The first bounding
box may include the first region of the object. In some
embodiments, the method includes 1dentifying, by the object
reconstruction module, a second portion of the object 1n the
transitional 1mage and constructing, by the object recon-
struction module, a second bounding box around the second
portion of the object 1n the transitional image. The second
bounding box may include the first region of the object and
the second region of the object. In certain embodiments, the
method 1ncludes using intersection over union (IoU) to
determine that the first region of the object in the transitional
image and the first region of the object 1n the first image are
equivalent regions. In some embodiments, the transitional
image ncludes half of the first image and half of the second
image.

According to another embodiment, an apparatus includes
one or more processors and one or more computer-readable
non-transitory storage media coupled to the one or more
processors. The one or more computer-readable non-transi-
tory storage media include instructions that, when executed
by the one or more processors, cause the apparatus to
perform operations 1including receiving a first image and a
second 1mage. The first image 1ncludes a first region of an
object and the second 1image comprises a second region of
the object. The operations also include identifying a transi-
tional image. The transitional 1image 1includes the first region
of the object and the second region of the object. The
operations further include determiming that the first region of
the object in the transitional image and the first region of the
object 1 the first 1image are first equivalent regions and
generating a reconstruction of the object using the first
image and the transitional 1image. The reconstruction of the
object 1ncludes the first region of the object and the second
region ol the object and excludes the first equivalent regions.

According to yet another embodiment, one or more com-
puter-readable storage media embody instructions that,
when executed by a processor, cause the processor to
perform operations including receiving, by an object recon-
struction module, a first image and a second 1image. The first
image includes a first region of an object and the second
image comprises a second region of the object. The opera-
tions also include i1dentitying, by the object reconstruction
module, a ftransitional i1mage. The transitional 1mage
includes the first region of the object and the second region
of the object. The operations further include determining, by
the object reconstruction module, that the first region of the
object 1n the transitional image and the first region of the
object 1n the first image are first equivalent regions and
generating, by the object reconstruction module, a recon-
struction of the object using the first image and the transi-
tional 1image. The reconstruction of the object includes the
first region of the object and the second region of the object
and excludes the first equivalent regions.

Technical advantages of certain embodiments of this
disclosure may include one or more of the following. This
disclosure describes systems and methods for reconstructing
objects using transitional 1mages. In certain embodiments,
the bounding box reduction algorithm used to reconstruct
the objects may be used in conjunction with standard,
non-maximum suppression algorithms that operate on a per
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image basis to reduce bounding boxes included within a
single image and single inference result. In certain embodi-
ments, a transitional image 1s generated by overlapping two
images by a predetermined percentage. While a predeter-
mined percentage ol 50 percent 1s utilized 1n certain embodi-
ments of this disclosure, this disclosure contemplates any
suitable predetermined percentage (e.g., 25 percent, 75
percent, etc.). In certain embodiments, the systems and
methods disclosed herein may use criterion for reduction
such as an IoU score between two or more boxes, detection
label equivalency, and/or confidence score thresholds.

In certain embodiments of this disclosure, the systems and
methods disclosed herein may be used across several object
classes 1n the same 1mages. For example, bounding boxes
that belong to the same class may be logically reduced in
some embodiments, resulting 1n several wholly composed
objects. In certain embodiments, equivalent regions of
bounding boxes and/or other regions of interest may be
calculated using IoU similar to the way standard non-
maximum suppression algorithms are used to calculate
equivalence. The systems and methods described in this
disclosure may be generalized to different transportation
infrastructures, including railways, roads, and waterways.

Other technical advantages will be readily apparent to one
skilled in the art from the following figures, descriptions,
and claims. Moreover, while specific advantages have been
enumerated above, various embodiments may include all,
some, or none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

To assist 1n understanding the present disclosure, refer-
ence 1s now made to the following description taken 1n
conjunction with the accompanying drawings, in which:

FIG. 1 illustrates an example system for reconstructing
objects using transitional images;

FIG. 2 1llustrates example 1images that may be used by the
system of FIG. 1;

FIG. 3 1llustrates an example transitional 1mage that may
be utilized by the system of FIG. 1;

FI1G. 4 1llustrates example equivalent regions that may be
determined by the system of FIG. 1;

FIG. 5 illustrates an example object reconstruction that
may be generated by the system of FIG. 1;

FIG. 6 illustrates an example method for reconstructing
an object using a transitional 1mage; and

FIG. 7 1llustrates an example computer system that may
be used by the systems and methods described herein.

DETAILED DESCRIPTION

FIGS. 1 through 7 show example systems and methods for
reconstructing objects using transitional images. FIG. 1
shows an example system for reconstructing objects using
transitional 1mages, and FIG. 2 shows example images that
may be used by the system of FIG. 1. FIG. 3 shows an
example transitional 1mage that may be utilized by the
system of FIG. 1, and FIG. 4 shows example equivalent
regions that may be determined by the system of FIG. 1.
FIG. 5 shows an example object reconstruction that may be
generated by the system of FIG. 1. FIG. 6 shows an example
method for reconstructing an object using a transitional
image. FIG. 7 illustrates an example computer system that
may be used by the systems and methods described herein.

FI1G. 1 illustrates an example system 100 for reconstruct-
ing objects using transitional images. System 100 or por-
tions thereof may be associated with an entity, which may
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include any enfity, such as a business, company (e.g., a
railway company, a transportation company, etc.), or a
government agency (e.g., a department of transportation, a
department of public safety, etc.) that reconstructs objects
using transitional 1mages. The elements of system 100 may
be implemented using any suitable combination of hard-
ware, lirmware, and software. For example, the elements of
system 100 may be implemented using one or more com-
ponents of the computer system of FIG. 7. System 100
includes a network 110, a railway environment 120, a
railroad track 130, a rail car 140, an image capturing module
150, objects 160, an object reconstruction module 170,
images 172, transitional images 174, bounding boxes 176,
equivalent regions 178, and object reconstructions 180.

Network 110 of system 100 1s any type of network that
facilitates communication between components of system
100. One or more portions of network 110 may include an
ad-hoc network, an intranet, an extranet, a virtual private
network (VPN), a local area network (LAN), a wireless
LAN (WLAN), a wide area network (WAN), a wireless
WAN (WWAN), a metropolitan area network (MAN), a
portion of the Internet, a portion of the Public Switched
Telephone Network (PSTN), a cellular telephone network, a
3G network, a 4G network, a 5G network, a Long Term
Evolution (LTE) cellular network, a combination of two or
more of these, or other suitable types of networks. One or
more portions of network 110 may include one or more
access (e.g., mobile access), core, and/or edge networks.
Network 110 may be any communications network, such as
a private network, a public network, a connection through
Internet, a mobile network, a WI-FI network, a Bluetooth
network, etc. One or more components of system 100 may
communicate over network 110. For example, object recon-
struction module 170 may communicate over network 110,
including receiving information from image capturing mod-
ule 150.

Railway environment 120 of system 100 1s an area that
includes one or more railroad tracks 130. Railway environ-
ment 120 may be associated with a division and/or a
subdivision. The division 1s the portion of the railroad under
the supervision of a superintendent. The subdivision 1s a
smaller portion of the division. The subdivision may be a
crew district and/or a branch line. In the 1llustrated embodi-
ment of FIG. 1, rallway environment 120 includes railroad
track 130, rail car 140, image capturing module 150, and
objects 160.

Railroad track 130 of system 100 is a structure that allows
rail car 140 to move by providing a surface for the wheels
of rail car 140 to roll upon. In certain embodiments, railroad
track 130 includes rails, fasteners, railroad ties, ballast, and
the like. Rail car 140 of system 100 1s a vehicle that can
move along railroad track 130. Rail car 140 may be a
geometry car, a locomotive, a passenger car, a freight car, a
boxcar, a flatcar, a tank car, and the like. In certain embodi-
ments, raill car 140 may be associated with one or more
image capturing modules 150.

Image capturing module 150 of system 100 1s a compo-
nent that captures 1images 172 of objects 160. Objects 160 of
system 100 are transportation infrastructure components
such as road, railway, airway, waterway, canal, pipeline, and
terminal components. Objects 160 may include components
within railway environment 120 such as railroad track 130,
debris (e.g., rubble, wreckage, ruins, litter, trash, brush, etc.),
pedestrians (e.g., trespassers), animals, vegetation, ballast,
and the like. Objects 160 may include components of
railroad track 130 such as joints, switches, frogs, rail heads,
anchors, fasteners, gage plates, ballasts, ties (e.g., concrete
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ties and wood ties), and the like. Images 172 of system 100
are representations of the physical forms of one or more
objects 160. Images 172 may include digital images, pho-
tographs, and the like. Images 172 include image 172a,
image 1726, and so on until image 172n, where 172
represents any suitable number.

Image capturing module 150 may include one or more
cameras, lenses, sensors, optics, lighting elements, and the
like. For example, image capturing module 150 may include
one or more cameras (e.g., a high-resolution camera, a line
scan camera, a stereo camera, etc.) that automatically cap-
ture 1mages 172 of objects 160. In certain embodiments,
image capturing module 150 i1s attached to rail car 140.
Image capturing module 150 may be attached to rail car 140
in any suitable location that provides a clear view of railway
environment 120. For example, image capturing module 150
may be attached to a front end (e.g., front bumper) of rail car
140 to provide a downward-facing view of railroad track
130. As another example, 1mage capturing module 150 may
be attached to a front end (e.g., front windshield) of rail car
140 to provide a forward-facing view of railroad track 130.
As still another example, image capturing module 150 may
be attached to a back end (e.g., a back windshield) of rail car
140 to provide a rear-facing view of railroad track 130.

Image capturing module 150 may automatically capture
still or moving 1mages 172 while rail car 140 1s moving
along railroad track 130. Image capturing module 150 may
automatically capture any suitable number of still or moving
images 172. For example, image capturing module 150 may
automatically capture images 172 as a function of distance
by using an encoder (e.g., a position encoder) to trigger a
camera (e.g., a line scan camera). As another example,
image capturing module 150 may automatically capture a
predetermined number of still images 172 per second, per
minute, per hour, etc. In some embodiments, 1mage captur-
ing module 150 may mnspect images 172 for objects 160. For
example, 1mage capturing module 150 may use one or more
models to detect objects 160 in 1images 172. The models may
include one or more object detection models, machine
learning models, machine vision models, deep learning
models, and the like. Image capturing module 150 may
communicate one or more 1mages 172 of one or more
objects 160 to object reconstruction module 170.

Object reconstruction module 170 of system 100 1s a
component that recreates objects 160 from one or more
images 172 and/or one or more transitional images 174. In
certain embodiments, object reconstruction module 170
receives 1mages 172 from one or more components of
system 100. For example, object reconstruction module 170
may receive image 172aq¢ and image 1726 from image
capturing module 150. Multiple 1images 172 may include
one or more portions of a single object 160. For example,
image 172a may include a first portion of object 160, and
image 1726 may include a second portion of object 160.
Each object 160 may be represented as regions. For
example, object 160 (e.g., a rail joint bar) may have five
regions such that image 172a includes four consecutive
regions of object 160, and image 1725 includes the remain-
ing fifth region of object 160. As another example, object
160 may have five regions such that image 172a includes
three consecutive regions of object 160, and image 1725
includes the remaining fourth region and fifth region of
object 160.

In certain embodiments, object reconstruction module
170 performs an inference on one or more 1mages 172 and/or
transitional 1mages 174. Object reconstruction module 170
may perform the inference by running an object detection
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algorithm to detect objects 160 within images 172 and/or
transitional 1mages 174. In response to performing the
inference(s), object reconstruction module 170 may generate
one or more bounding boxes 176 around one or more objects
160 (or portions thereotl). Bounding boxes 176 are outlines
that i1dentify objects 160. In certain embodiments, each
bounding box 176 i1s a rectangular box around object 160
with x and vy coordinates 1dentitying the four corners of the
rectangle. Bounding boxes 176 include bounding box 176a,
bounding box 1765, bounding box 176c, and so on until
bounding box 176n, where 174n represents any suitable
number.

In certain embodiments, 1mage capturing module 150
constructs bounding boxes 176 around objects 160 (or
portions thereof) mn 1image 172. For example, object recon-
struction module 170 may i1dentify a first portion of object
160 1n 1image 172a and construct bounding box 176a around
the first portion of object 160 1n 1mage 172a. As another
example, object reconstruction module 170 may 1dentity a
second portion of object 160 1n 1mage 1725 and construct
bounding box 1765 around the second portion of object 160
in 1mage 172b. As still another example, object reconstruc-
tion module 170 may identify a third portion of object 160
in transitional image 174a and construct bounding box 176¢
around the third portion of object 160 1n transition image
176a.

In some embodiments, the regions of objects 160 are
defined by bounding boxes 176. For example, for an object
with five regions: the first portion of object 160 enclosed by
bounding box 176a 1n 1image 172a may define a first region,
a second region, a third region, and a fourth region of object
160; the second portion of object 160 enclosed by bounding
box 17656 in 1image 1725 may define a fifth region of object
160; and the third portion of object 160 enclosed by bound-
ing box 176c¢ 1n transitional image 174a may define the
second region, the third region, the fourth region, and the
fifth region of object 160.

In certain embodiments, object reconstruction module
170 generates transitional images 174 from images 172.
Transitional 1mages 174 are images that share the same
pixels with one or more other images 172. For example,
image 172a and transitional 1image 174a may share a pre-
determined percentage (e.g., 25, 50, or 75 percent) of the
same pixels. Transitional images 174 include transitional
image 174a, transitional 1image 1745, and so on until tran-
sitional 1mage 174n, where 176n represents any suitable
number.

In some embodiments, object reconstruction module 170
generates transitional images 174 by overlapping two or
more 1mages 172. For example, object reconstruction mod-
ule 170 may overlap a portion (e.g., 50 percent) ol 1image
172a and a portion (e.g., 50 percent) of 1mage 1725 to
generate transitional image 174q such that transitional image
174a includes the overlapped portions of 1mage 172a and
image 172b. In some embodiments, image capturing module
150 captures transitional images 174. For example, image
capturing module 150 may be configured to capture subse-
quent 1mages 172 that include a predetermined amount of
overlap (e.g., a 25, 50, or 75 percent overlap).

In certain embodiments, each transitional image 174
includes one or more regions of object 160. For example, for
an object with five regions: image 172a may include the first
region, the second region, the third region, and the fourth
region; 1mage 1726 may include the fifth region; and tran-
sitional 1mage 174a may include the second, third, and
fourth regions from 1mage 172a and the fifth region from

image 172b.
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In certain embodiments, object reconstruction module
170 determines one or more equivalent regions 178. Equiva-
lent regions 178 are regions within images 172 and transi-
tional 1mages 174 that share the same pixels. Equivalent
regions 178 include equivalent regions 178a, equivalent
regions 1785, and so on until equivalent regions 1787, where
178n represents any suitable number. Object reconstruction
module 170 may determine equivalent regions 178 between
one or more 1mages 172 and one or more transitional images
174. For example, object reconstruction module 170 may
determine that image 172a and transitional image 174a both
include the second, third, and fourth regions of object 160.
In certain embodiments, object reconstruction module 170
excludes equivalent regions 178 from object reconstructions
180. In some embodiments, object reconstruction module
170 uses IoU, detection label equivalency, and/or confidence
score thresholds to determine that the first region of object
160 1n transitional image 174 and the {first region of object
160 1n 1mage 172a are equivalent regions 178.

In certain embodiments, object reconstruction module
170 generates object reconstructions 180. Each object recon-
struction 180 1s a representation of object 160 1n 1ts entirety.
For example, object reconstruction 180 may include the first,
second, third, and fourth regions of image 172q and the fifth
region of 1mage 172b. Object reconstructions 180 include
object reconstruction 180a, object reconstruction 1805, and
so on until object reconstruction 1807, where 180% repre-
sents any suitable number. In certain embodiments, object
reconstruction module 170 generates object reconstructions
180 using one or more 1mages 172 and one or more
transitional 1images 174. For example, object reconstruction
module 170 may generate object reconstruction 180a by
concatenating the first, second, third, and fourth regions
from 1mage 172a and the fifth region from transitional image
174a. In certain embodiments, object reconstruction module
170 excludes equivalent regions 178 when generating object
reconstructions 180 to avoid duplicating regions of objects
160. For example, if 1image 172a and transitional image
174a both include a second region, a third region, and a
fourth region of object 160, object reconstruction module
170 may exclude the second region, the third region, and the
tourth region of transitional image 174qa to avoid duplicating
these regions 1n object reconstruction 180a.

In operation, 1image capturing module 150 of system 100
1s attached to rail car 140. Image capturing module captures
image 172a and 1image 17256 of object 160 while rail car 140
travels along railroad track 130 of railway environment 120.
Object reconstruction module 170 of system 100 recerves,
via network 110, image 172a and image 1726 of object 160
(e.g., a rail joint bar) from 1mage capturing module 150.
Object reconstruction module 170 uses one or more object
detection models to detect a first portion of object 160 1n
image 172a. Object reconstruction module 170 constructs
bounding box 176a around the first portion of object 160 in
image 172a. Object 160 1s represented as five regions, and
the first portion of 1mage 172a enclosed by bounding box
176a includes the first region, the second region, the third
region, and the fourth region of object 160. Image 1725
includes the second portion, and fifth region, of object 160.
However, object reconstruction module 170 may not detect
the second portion of object 160 due to the size of the second
portion relative to the overall size of 1mage 1725b.

Object reconstruction module 170 generates transitional
image 174a by overlapping image 172a and image 1725
such that transitional image 174a includes half of image
172a and half of 1image 1725. Object reconstruction module
170 detects a third portion of object 160 1n transitional image
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174a and constructs bounding box 176¢ around the third
portion of object 160. Bounding box 176c¢ encompasses the
second region, the third region, the fourth region, and the
fifth region of object 160. Object reconstruction module 17
determines that the second region, the third region, and the
fourth region of 1mage 172a and transitional image 174a are
equivalent regions 178. Object reconstruction module 170
excludes equivalent regions 178 (e.g., the third region, the
fourth region, and the fifth region of transitional image
174a) 1 object reconstruction 180 to avoid duplication of
the regions of object 160. Object reconstruction module 170
generates object reconstruction 180 of object 160 by con-
catenating the first region, the second region, the third
region, and the fourth region of image 172a and the fifth
region of transitional image 174a. As such, system 100 may
be used to accurately recreate object 160 1n 1ts entirety even
when a small portion of object 160 1s not detected in 1mage
1725.

Although FIG. 1 illustrates a particular arrangement of
network 110, railway environment 120, railroad track 130,
rail car 140, image capturing module 150, objects 160,
object reconstruction module 170, images 172, bounding
boxes 176, transitional images 174, equivalent regions 178,
and object reconstructions 180, this disclosure contemplates
any suitable arrangement of network 110, railway environ-
ment 120, railroad track 130, rail car 140, image capturing
module 150, objects 160, object reconstruction module 170,
images 172, bounding boxes 176, transitional images 174,
equivalent regions 178, and object reconstructions 180. For
example, 1image capturing module 150 and object recon-
struction module 170 may be combined into a single mod-
ule.

Although FIG. 1 illustrates a particular number of net-
works 110, railway environments 120, railroad tracks 130,
rail cars 140, image capturing modules 150, objects 160,
object reconstruction modules 170, images 172, bounding
boxes 176, transitional images 174, equivalent regions 178,
and object reconstructions 180, this disclosure contemplates
any suitable number of networks 110, railway environments
120, railroad tracks 130, rail cars 140, image capturing
modules 150, objects 160, object reconstruction modules
170, images 172, transitional images 174, bounding boxes
176, equivalent regions 178, and object reconstructions 180.
For example, system 100 may include multiple railway
environments 120, multiple 1image capturing modules 150,
and/or multiple object reconstruction modules 170.

FIG. 2 1llustrates example images 172 that may be used by
the system of FIG. 1. In the illustrated embodiment of FIG.
2, images 172 include image 172a and image 172b. Image
172a includes a portion of an object (e.g., object 160 of FIG.
1), and 1mage 1726 includes the remaining portion of the
same object. The portion of the object in 1mage 172a 1s
enclosed by bounding box 176a, and the portion of the
object 1n 1mage 1725 1s enclosed by bounding box 1765.

To aid in understanding the object 1n 1mages 172 1n its
entirety, the object 1s divided into five regions. The portion
of the object 1n 1mage 172a includes region 1, region 2,
region 3, and region 4, and the portion of the object 1n 1image
1726 includes region 5. When the object 1s represented as
two independent 1mages 172, the reconstruction of the
object 1n 1ts entirety 1s bounding box 176a (which includes
regions 1 through 4) from 1image 172a followed by bounding
box 1765 (which includes region 5) from 1image 17256. The
concatenation of bounding box 1764 and bounding box 1765
generates a complete set of regions 1 through 5.

As 1llustrated 1n FIG. 2, image 1725 includes one-fifth of

the object, which 1s a relatively small portion of the object.
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While the object reconstruction module of FIG. 1 may be
trained to accurately detect the relatively small portion of the
object 1n 1mage 1725b, this process may significantly slow
down the object detection speed. In certain embodiments,
the object reconstruction module may not be able to absorb
the latency penalty of detecting region 5 1n 1mage 1725.
However, the object reconstruction module must capture the
object 1 1ts entirety. To address this 1ssue, the object
reconstruction module may utilize transitional 1mages, as
described below 1 FIG. 3, to accurately detect the entire
object without incurring the full latency penalty.

FIG. 3 illustrates transitional image 174a that may be
utilized by the system of FIG. 1. Image 172a and image
17256 are each divided into two portions: a first portion and
a second portion. The second portion of image 1724 includes
region 2, region 3, and region 4 of bounding box 1764, and
the first portion of 1mage 1725 includes region 5 of bounding
box 176b. In certain embodiments, the object reconstruction
module may generate transitional image 174a by overlap-
ping the second portion of image 172a with the first portion
of image 1725b such that transitional image 174q includes the
second portion of 1mage 172a and the first portion of 1mage
1726. In some embodiments, transitional image 174a 1s
generated by an 1mage capturing module.

An independent inference 1s performed on each of 1mage
172a, image 1725, and transitional image 174a of FIG. 3. In
response to performing the inferences, bounding box 1764 1s
constructed on 1mage 172a, bounding box 1765 1s con-
structed on 1mage 1726, and bounding box 176¢ 1s con-
structed on transitional 1mage 174a. Image 172a includes
regions 1, 2, 3, and 4, image 1725 includes region 5, and
transitional 1mage 174a includes regions 2, 3, 4 and 5.

Due to the existence of transitional 1mage 174a, an object
reconstruction module that sacrifices accuracy for speed can
accurately detect the object of 1mage 1724 and 1mage 1725
in 1ts entirety. Even if the object reconstruction module 1s
unable to detect region 5 of the object in 1mage 1725, the
pixels that were originally included in 1mage 17256 are also
included in transitional image 174a. Thus, the detection of
the object 1n 1mage 172a and transitional 1image 174a 1s a
complete detection. While inferring on an additional image
(e.g., transitional 1mage 174a) incurs a latency penalty, 1n
certain embodiments, this latency penalty may be less than
the latency penalty resulting from accurately detecting
region 5 of the object 1n 1image 172b6. FIGS. 4 and 5 below
describe additional processing that 1s applied to the images
to avoid duplication of regions 1 through 5.

FIG. 4 illustrates example equivalent regions 178a that
may be determined by the system of FIG. 1. Image 1724
includes bounding box 176a (which encompasses region 1,
region 2, region 3, and region 4 of the object), and 1mage
1726 1includes bounding box 1765 (which encompasses
region 3 of the object). In certain embodiments, each region
may be encompassed by its own bounding box 176. For
example, region 1 of 1image 172a may be encompassed by a
first bounding box 176, region 2 of image 172a may be
encompassed by a second bounding box 176, and so on. In
certain embodiments, bounding boxes may be nested inside
cach other. For example, 1f two diflerent objects which
overlap are detected, region 1 may be encompassed by a {irst
bounding box 176, which may be nested within a larger
bounding box 176.

As 1llustrated in FIG. 4, bounding box 176a of image
172a and bounding box 176c¢ of transitional image 174a are
not equivalent. Bounding box 1764 and bounding box 176c¢
occupy different coordinate space and include different
regions of the object. However, the pixels included in the
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second portion of 1image 172a are the same pixels that are
included 1n the first portion of transitional 1mage 174a. A
simple concatenation of bounding box 176a of image 172a
and bounding box 176c¢ of transitional image 174a generates
regions 12342345, which 1s an inaccurate duplication of
regions 2, 3, and 4 across the object.

To accurately reconstruct the object 1n its entirety without
duplicating regions of the object, image 172a and/or tran-
sitional 1mage 174a are reduced to account for the overlap-
ping pixels. In certain embodiments, the object reconstruc-
tion module of FIG. 1 determines equivalent regions 178a
within 1mage 172a and transitional image 174a. Equivalent
regions 178a are regions within two or more 1mages that
share the same pixels. Object reconstruction module 170
may use IoU, detection label equivalency, and/or confidence
score thresholds to determine equivalent regions 178a. For
example, object reconstruction module 170 may use IoU to
determine that bounding boxes 176 encompassing region 2,
region 3, and region 4 of image 172a and region 2, region
3, and region 4 of transitional 1image 174a are equivalent
regions 178a. In certain embodiments, the object reconstruc-
tion module calculates the IoU of detections 1n 1mage 172a
and transitional image 174a and determines whether the IoU
1s greater than a predetermined threshold. If the IoU 1s
greater than the predetermined threshold, object reconstruc-
tion module 170 determines that the overlap between 1mage
172a and transitional image 174q defines equivalent regions
178a. Equivalent regions 178a may be excluded from the
final object reconstruction, as described 1n FIG. 5 below.

FIG. § 1illustrates an example object reconstruction 180a
that may be generated by the system of FIG. 1. As 1llustrated
in FIG. 4 above, regions 2, 3, and 4 of image 172a and
transitional 1mage 174a are equivalent regions 178a.
Equivalent regions 178a are excluded from object recon-
struction 180a (i.e., regions 2, 3, and 4 are only included
once 1n object reconstruction 180a) to avoid duplication of
these regions. The object reconstruction module of FIG. 1
generates object reconstruction 180aq by concatenating
regions 1, 2, 3, 4, and 5. The concatenation of regions 1
through 5 may be represented as 12345 such that object
reconstruction 180a represents the object (e.g., object 160 of
FIG. 1) 1n 1ts entirety. In the event that region 5 of the object
1s detected i 1mage 1726 by the object reconstruction
module, the same process may be applied to avoid duplica-
tion of equivalent regions 1785.

FIG. 6 1llustrates an example method 600 for reconstruct-
ing an object using a transitional 1mage (e.g., transitional
image 174a of FIG. 1). Method 600 begins at step 610. At
step 620, an object reconstruction module (e.g., object
reconstruction module 170 of FIG. 1) receives, via a net-
work (e.g., network 110 of FIG. 1), two or more 1images of
an object (e.g., object 160 of FIG. 1). For example, the
object reconstruction module may recerve a first image (e.g.,
image 172a of F1G. 1) and a second 1image (e.g., image 1725
of FIG. 1) of the object from an 1mage capturing module
(e.g., image capturing module 150 of FIG. 1). The image
capturing module may be attached to a rail car (e.g., rail car
140 of FIG. 1). In certain embodiments, the image capturing,
module captures the 1mages of the objects while the rail car
travels along a railroad track (e.g., railroad track 130) of a
railway environment (e.g., railway environment 120 of FIG.
1). Method 600 then moves from step 620 to step 630.

At step 630 of method 600, the object reconstruction
module determines whether to utilize a transitional 1mage
(e.g., transitional image 174a of FIG. 3) for the object
reconstruction. For example, the object reconstruction mod-
ule may determine to utilize a transitional image 11 the object
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reconstruction module preferences object detection speed
over object detection accuracy (e.g., detecting relatively
small portions of the object 1n the received images). 1T the
object reconstruction module determines not to utilize a
transitional i1mage for the object reconstruction, object
reconstruction module advances from step 630 to step 670,
where the object reconstruction module generates a recon-
struction of the object from the recerved images. For
example, a first image received by the object reconstruction
module may include a first region, a second region, and a
third region of the object, and a second 1mage received by
the object reconstruction module may include a fourth
region and a fifth region of the object.

The object reconstruction module may detect the first
region, the second region, and the third region of the object
in the first image. The object reconstruction module may
detect the fourth region and the fifth region of the object 1n
the second 1mage. The object reconstruction module may
generate the reconstruction of the object by concatenating
the first region, the second region, and the third region
detected 1n the first image with the fourth region and the fifth
region detected 1n the second image such that the object
reconstruction represents the object 1n its entirety. Method
600 then moves from step 670 to step 680, where method
600 ends.

If, at step 630, the object reconstruction module deter-
mines to utilize a transitional 1mage for the object recon-
struction, the object reconstruction module may create the
transitional image by overlapping a first image and a second
image such that the transitional 1image includes the over-
lapped portions of each image. For example, the first image
received by the object reconstruction module may include a
first region, a second region, a third region, and a fourth
region of the object, and a second 1mage received by the
object reconstruction module may include a fifth region of
the object. The object reconstruction module may create the
transitional 1mage by overlapping the first image and the
second 1mage such that the transitional 1image includes the
second region, the third region, the fourth region, and the
fifth region of the object. In certain embodiments, the object
reconstruction module receives the transitional 1mage from
the 1image capturing module. Method 600 then moves from
step 630 to step 640.

At step 640 of method 600, the object reconstruction
module performs an inference on each image. For example,
the object reconstruction module may perform an inference
on the first 1image, the second image, and the transitional
image by running an object detection algorithm to detect
objects within the first image, the second image, and the
transitional 1mage. In response to performing the inferences
and detecting the objects, the object reconstruction module
may generate one or more bounding boxes around the
detected objects (or portions thereof). Each bounding box
may encompass one or more regions of an object. Method
600 then moves from step 640 to step 650.

At step 650 of method 600, the object reconstruction
module determines equivalent regions (e.g., equivalent
regions 178a of FIG. 4) within the received images. The
equivalent regions are regions that share the same pixels. In
certain embodiments, the object reconstruction module per-
forms an intersection of the bounding boxes and the over-
lapping area of the first image, the second 1image, and the
transitional 1mage to normalize bounding boxes, which may
extend beyond the overlapping area, before calculating the
IoU of two or more boxes. In some embodiments, the object
reconstruction module uses IoU, detection label equiva-
lency, and/or confidence score thresholds to determine
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duplicate regions. For example, the object reconstruction
module may use IoU, detection label equivalency, and/or
confidence score thresholds to determine that the second
region, the third region, and the fourth region are duplicated
in the first image and 1n the transitional image. As another
example, the object reconstruction module may use IoU,
detection label equivalency, and/or confidence score thresh-
olds to determine that the fifth region i1s duplicated 1n the
second 1mage and 1n the transitional image. Method 600 then
moves from step 650 to step 660.

At step 660 of method 600, the object reconstruction
module excludes the equivalent regions from the reconstruc-
tion of the object. For example, if the object reconstruction
module determines that the second region, the third region,
and the fourth region from the first image and the transitional
image are equivalent regions, the object reconstruction mod-
ule may exclude the equivalent regions 1n the object recon-
struction such that the object reconstruction only includes
one copy of the second region, the third region, and the
fourth region. As another example, 11 the object reconstruc-
tion module determines that the fifth region from the second
image and the transitional 1image are equivalent regions, the
object reconstruction module may exclude the equivalent
regions 1n the object reconstruction such that the object
reconstruction only includes one copy of the fifth region.
Method 600 then moves from step 660 to step 670.

At step 670 of method 600, the object reconstruction
module generates the reconstruction of the object (e.g.,
object reconstruction 180a of FIG. 5) from one or more
received 1mages and one or more transitional 1mages. For
example, a first image received by the object reconstruction
module may include a first region, a second region, a third
region, and a fourth region of the object, and the transitional
image generated 1n step 630 of method 600 may include the
second region, the third region, the fourth region, and the
fifth region of the object. The object reconstruction module
may generate the reconstruction of the object by concatenat-
ing the first region, the second region, the third region, and
the fourth region from the first image with the fifth region of
the transitional image such that the object reconstruction
represents the object 1n its entirety. Method 600 then moves
from step 670 to step 680, where method 600 ends. As such,
method 600 may be used to reconstruct an object 1n its
entirety even if certain regions of the object are not detected
in the received images.

Modifications, additions, or omissions may be made to
method 600 depicted in FIG. 4. Method 600 may include
more, fewer, or other steps. For example, method 600 may
include utilizing a second transitional image. Steps may be
performed 1n parallel or in any suitable order. While dis-
cussed as specific components completing the steps of
method 600, any suitable component may perform any step
of method 600. For example, one or more steps of method
600 may be performed by an 1mage capturing module.

FIG. 7 illustrates an example computer system that may
be used by the systems and methods described herein. For
example, one or more components (e.g., 1mage capturing
module 150 and/or object reconstruction module 170) of
system 100 of FIG. 1 may include one or more interface(s)
710, processing circuitry 720, memory(es) 730, and/or
other suitable element(s). Interface 710 receives mput, sends
output, processes the mput and/or output, and/or performs
other suitable operation. Interface 710 may comprise hard-
ware and/or soitware.

Processing circuitry 720 performs or manages the opera-
tions of the component. Processing circuitry 720 may
include hardware and/or software. Examples of a processing
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circuitry 1nclude one or more computers, one or more
microprocessors, one or more applications, etc. In certain
embodiments, processing circuitry 720 executes logic (e.g.,
instructions) to perform actions (e.g., operations), such as
generating output from input. The logic executed by pro-
cessing circuitry 720 may be encoded 1 one or more
tangible, non-transitory computer readable media (such as
memory 730). For example, the logic may comprise a
computer program, soltware, computer executable instruc-
tions, and/or instructions capable of being executed by a
computer. In particular embodiments, the operations of the
embodiments may be performed by one or more computer
readable media storing, embodied with, and/or encoded with
a computer program and/or having a stored and/or an
encoded computer program.

Memory 730 (or memory unit) stores information.
Memory 730 may comprise one or more non-transitory,
tangible, computer-readable, and/or computer-executable
storage media. Examples of memory 730 include computer
memory (for example, RAM or ROM), mass storage media
(for example, a hard disk), removable storage media (for
example, a Compact Disk (CD) or a Diagital Video Disk
(DVD)), database and/or network storage (for example, a
server), and/or other computer-readable medium.

Herein, a computer-readable non-transitory storage
medium or media may include one or more semiconductor-
based or other integrated circuits (ICs) (such as field-
programmable gate arrays (FP(GAs) or application-specific
ICs (ASICs)), hard disk drives (HDDs), hybrid hard drives
(1-1I-Ms), optical discs, optical disc drives (ODDs), mag-
neto-optical discs, magneto-optical drives, tloppy diskettes,
floppy disk drives (FDDs), magnetic tapes, solid-state drives
(SSDs), RAM-drives, SECURE DIGITAL cards or drives,
any other suitable computer-readable non-transitory storage
media, or any suitable combination of two or more of these,
where appropriate. A computer-readable non-transitory stor-
age medium may be volatile, non-volatile, or a combination
of volatile and non-volatile, where appropriate.

Herein, “or” 1s inclusive and not exclusive, unless
expressly indicated otherwise or indicated otherwise by
context. Theretfore, herein, “A or B” means “A, B, or both.”
unless expressly indicated otherwise or indicated otherwise
by context. Moreover, “and” 1s both joint and several, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A and B” means “A and B,
jointly or severally,” unless expressly indicated otherwise or
indicated otherwise by context.

The scope of this disclosure encompasses all changes,
substitutions, variations, alterations, and modifications to the
example embodiments described or 1llustrated herein that a
person having ordinary skill in the art would comprehend.
The scope of this disclosure 1s not limited to the example
embodiments described or 1illustrated herein. Moreover,
although this disclosure describes and 1llustrates respective
embodiments herein as including particular components,
clements, feature, functions, operations, or steps, any of
these embodiments may include any combination or permu-
tation of any of the components, elements, features, func-
tions, operations, or steps described or illustrated anywhere
herein that a person having ordinary skill in the art would
comprehend. Furthermore, reference 1n the appended claims
to an apparatus or system or a component ol an apparatus or
system being adapted to, arranged to, capable of, configured
to, enabled to, operable to, or operative to perform a
particular function encompasses that apparatus, system,
component, whether or not it or that particular function 1s
activated, turned on, or unlocked, as long as that apparatus,
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system, or component 1s so adapted, arranged, capable,
configured, enabled, operable, or operative. Additionally,
although this disclosure describes or illustrates particular
embodiments as providing particular advantages, particular

> embodiments may provide none, some, or all of these
advantages.

What 1s claimed 1s:

1. An apparatus, comprising;:

one or more processors; and

one or more computer-readable non-transitory storage
media coupled to the one or more processors and
comprising instructions that, when executed by the one

or more processors, cause the apparatus to perform
operations comprising:
identifying a transitional image, via a processor, wherein
the transitional 1mage comprises:
a first region of an object in a first 1mage of a trans-
portation infrastructure component, and
a second region of the object in a second 1mage of the
transportation 1nirastructure component;
generating a reconstruction of the object using the tran-
sitional 1image, wherein the reconstruction of the object
comprises a first region of the object and the second
region of the object;
identifying a first portion of the object 1n a first 1mage;
constructing a first bounding box around the first portion
of the object 1n the first 1image, wherein the first
bounding box comprises the first region of the object;
identifying a second portion of the object 1in the transi-
tional 1mage; and
constructing a second bounding box around the second
portion of the object in the transitional 1mage, wherein
the second bounding box comprises the first region of
the object 1n the transitional image and the second
region ol the object.
2. The apparatus of claim 1, wherein:
the first 1image further comprises a third region of the
object, a fourth region of the object, and a fifth region
of the object; and
the transitional 1mage comprises the third region of the
object and the fourth region of the object.
3. The apparatus of claim 2, the operations turther com-
45 prising;:
determining that the third region of the object in the
transitional image and the third region of the object 1n
the first image are third equivalent regions; and
determining that the fourth region of the object 1n the
transitional image and the fourth region of the object in
the first image are fourth equivalent regions, wherein
the reconstruction of the object excludes the third and
fourth equivalent regions.
4. The apparatus of claim 2, the operations turther com-
55 prising concatenating the first region of the object, the
second region of the object, the third region of the object, the
fourth region of the object, and the fifth region of the object
to generate the reconstruction of the object, wherein the
reconstruction ol the object represents the object 1n its
60 entirety.

5. The apparatus of claim 1, the operations further com-
prising using intersection over union (IoU) to determine that
the first region of the object 1n the transitional image and the
first region of the object in the first image are the first

65 equivalent regions.
6. The apparatus of claim 1, wherein the one or more
processors include an object reconstruction module.
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7. The apparatus of claim 1, wherein the transitional
image comprises half of the first image and half of the
second 1mage.

8. A method, comprising:

identifying a transitional 1image, via a processor, wherein

the transitional 1mage comprises:

a lirst region of an object 1 a first 1mage of a trans-
portation infrastructure component, and

a second region of the object in a second 1mage of the
transportation inirastructure component;

generating a reconstruction of the object using the tran-

sitional 1image, wherein the reconstruction of the object
comprises a first region of the object and the second
region of the object;
identifying a first portion of the object 1n a first 1mage;
constructing a first bounding box around the first portion
of the object in the first image, wherein the {first
bounding box comprises the first region of the object;

identifying a second portion of the object 1n the transi-
tional 1mage; and

constructing a second bounding box around the second

portion of the object 1n the transitional 1mage, wherein
the second bounding box comprises the first region of
the object 1n the transitional image and the second
region ol the object.

9. The method of claim 8, wherein:

the first 1image further comprises a third region of the

object, a fourth region of the object, and a fifth region
of the object; and

the transitional image comprises the third region of the

object and the fourth region of the object.

10. The method of claim 9, further comprising;:

determining, by an object reconstruction module, that the

third region of the object 1n the transitional 1mage and
the third region of the object 1n the first image are third
equivalent regions; and

determining, by the object reconstruction module, that the

fourth region of the object in the transitional image and
the fourth region of the object 1n the first image are
fourth equivalent regions, wherein the reconstruction of
the object excludes the third and fourth equivalent
regions.

11. The method of claim 9, further comprising concat-
enating, by the object reconstruction module, the first region
of the object, the second region of the object, the third region
of the object, the fourth region of the object, and the fifth
region ol the object to generate the reconstruction of the
object, wherein the reconstruction of the object represents
the object 1n 1ts entirety.

12. The method of claiam 8, further comprising using
intersection over union (IoU) to determine that the first
region of the object 1n the transitional 1image and the first
region of the object 1n the first image are the first equivalent
regions.

13. The method of claim 8, wherein the processor includes
an object reconstruction module.

14. The method of claim 8, wherein the transitional 1mage
comprises half of the first image and half of the second
1mage.

15. One or more computer-readable non-transitory stor-
age media embodying 1nstructions that, when executed by a
processor, cause the processor to perform operations com-
prising:
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identifying a transitional image, via a processor, wherein
the transitional 1mage comprises:

a first region of an object in a first 1mage of a trans-
portation infrastructure component, and

a second region of the object in a second 1mage of the
transportation 1nirastructure component;

generating a reconstruction of the object using the tran-
sitional 1image, wherein the reconstruction of the object
comprises a first region of the object and the second
region ol the object;

identifying a first portion of the object in a first image;

constructing a first bounding box around the first portion
of the object 1n the first 1image, wherein the first
bounding box comprises the first region of the object;

identifying a second portion of the object 1n the transi-
tional 1mage; and

constructing a second bounding box around the second
portion of the object in the transitional 1mage, wherein
the second bounding box comprises the first region of
the object 1n the transitional image and the second
region ol the object.

16. The one or more computer-readable non-transitory
storage media of claim 15, wherein:

the first 1mage further comprises a third region of the
object, a fourth region of the object, and a fifth region
of the object; and

the transitional 1image comprises the third region of the
object and the fourth region of the object.

17. The one or more computer-readable non-transitory
storage media of claim 16, the operations further compris-
ng:

determining, by the object reconstruction module, that the

third region of the object 1n the transitional 1mage and

the third region of the object 1n the first image are third
equivalent regions; and

determiming, by the object reconstruction module, that the
fourth region of the object 1n the transitional 1mage and
the fourth region of the object 1n the first 1mage are
fourth equivalent regions, wherein the reconstruction of
the object excludes the third and fourth equivalent
regions.

18. The one or more computer-readable non-transitory
storage media of claim 16, the operations further comprising
concatenating, by the object reconstruction module, the first
region of the object, the second region of the object, the third
region of the object, the fourth region of the object, and the
fifth region of the object to generate the reconstruction of the
object, wherein the reconstruction of the object represents
the object 1n 1ts entirety.

19. The one or more computer-readable non-transitory
storage media of claim 13, the operations further comprising
using intersection over umon (IoU) to determine that the first
region of the object in the transitional 1image and the first
region of the object in the first image are the first equivalent
regions.

20. The one or more computer-readable non-transitory
storage media of claim 15, wherein the one or more pro-
cessors include an object reconstruction module.
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